Abstract: Optimization of activities with the aim to provide quality service in conditions of high profitability, is one of the main objectives chased by managers in transportation companies. As a consequence, directing the attention towards monitoring of maintenance activities of vehicles fleet, can achieve desired results. Two of the most important issues related to the maintenance activity, is the increase of reliability and reduction of fuel consumption of the vehicles fleet. Aforementioned actions represents a way forward for raising the quality and profitability of services offered. In this paper, the main ways of monitoring the fuel consumption, in order to reduce it and increase the reliability of transportation vehicles fleet, are presented. For the evaluation of the maintenance system and the degree of influence of malfunctions recorded on the fuel consumption, using the Pareto -ABC method, following case study on a fleet of buses for urban public transport has been conducted. Results obtained highlights the deficiencies of the maintenance process carried out and constitutes a solid base for the reorganization of the maintenance activity, involving preventive maintenance activities, in order to contribute decisively to the results targeted by the management of transport companies.
Introduction
Nowadays, the public transport is a top alternative that can compete successfully at the need for mobility of the population. This is possible due to the trends dictated by market economy that offers directions for carriers to provide quality services [1] . The main preoccupations of the public transportation of passenger companies are going to be competitive, to in-crease their portfolio of clients and to be profitable. All these goals must be achieved by taking into account the cost optimization policy. In this way, fuel economy is one of the main objectives targeted by the carriers [2] . In the urban public transportation, as well as minimization of all costs of transport is the main goal. This should not influence in any way the quality of the service provided [3] , travelers ' safety [4] and performance of the fleet of buses used for transport [5] . In this context, the maintenance system applied on the fleet of buses is of main importance. Periodical renewal opportunity to the fleet of buses, keeping in mind the necessity of a maintenance system utiliz-ing new technologies, is a topic often debated. Ezra hauer shows the importance of improving the maintenance programmes for the buses fleet and the use of the modern technologies [6] . The adoption of appropriate strategies for the maintenance of technical equipment, part of the transport units, contributes to the increase of the general reliability of the transport units. Adam Rosiñski demonstrates that the rate of availability of technical equipments is directly dependent on the maintenance system applied on them [7] . A complex evaluation of the existing maintenance system and the act of ensuring the optimal decisions for improvement the transport units reliability, are directly conditioned by the existence of a relevant databases of malfunctions recorded. Reliability and risk analysis are based on the existence of a statistical data history, centred on the number of recorded faults, types of defects, causes and effects produced by these defects, in the hypothesis of Terje Aven [8] . The existence of a malfunctions recorded archive, is a real support for the opportunity to implementing the Pareto method algorithms, in order to identify elements with the increased contribution in reducing the reliability of technical systems. P. Lyonnet claims that through the Pareto-ABC analysis, a classification of defects, can be obtained, serving as a means for taking relevante decisions of maintenance [9] . A clear identification of the causes that lead to a decrease of the reliability of the transport units and to increase of the fuel consumption , can be achieved through consulting the revision database and analysing the interventions process, over time [10] . This assumes the existence of a relevant archive, covering an enough time period and consist of records relating to:
• revision ranges and interventions carried out on each vehicle in part;
• the number, type and mode of manifestation of specific defects;
• workers carrying out maintenance operations/ interventions;
• standardised times and effective times for realization of specific operations;
• material costs and the cost of workers.
The directions of analysis allows conclusive results on the incidence of defects to the fuel consumptions recorded.
Analysing the results is a favourable framework for decision-making, with the aim of improving the process of maintenance of the transport units. At the same time, the development of a structured programme of preventive maintenance, allows to increase the reliability of the fleet of buses and to reduce the transportation costs [11, 12] . These targets represent a major concern for urban public transport companies, and also for the rest of the categories of transporters. In the present paper, methods of monitoring the fuel consumption of the buses fleet, which serve as support for actions to reduce these costs, are exposed. Supervision of the maintenance process of the buses fleet, contribute to the achievement of this objective. To determine the influence level of faults over the fuel consumption, a case study based on the records of the maintenance process applied on an urban fleet of buses, has been conducted.
Monitoring methods: opportunities for reducing fuel consumption
It is well known that in the management of road transport companies, reducing the fuel consumption is one of the most important factor [13, 14] . Beyond the concern of reducing transportation costs and making a profit financially to allow continued development of transport companies, reducing fuel consumption is also a measure that imposes itself in terms of reducing negative impact on the environment and especially on the health of the population [15, 16] . Understanding severe adverse effects of petroleum fuel consumption, causes concern among central administrative systems of most countries, leading in this manner in promoting measures to encourage fleet renewal or use of the alternative fuels [17] . At the regional level and particularly in large cities where there is public transportation, the disastrous effects of petroleum fuels, pose a threat to the health of the urban population, due to the high density of residents and urban mobility [18] . In this way, the strategic management of companies ' visions of urban public transport is moving towards two directions: adaptation to the requirements of renewing the fleet of buses, using electrical or hybrid vehicles; and reducing the consumption of petroleum fuels used in exploitation of the fleet of buses . If the first step is one for perspective, due to the high cost of acquisition and implementation, the possibilities of reducing the fuel consumption of the buses fleet in use, are very accessible for the transportation companies [19] . For setting clear the areas with low efficiency on the reducing fuel consumption and for the implement preventive and corrective measures, it is necessary to monitor the activities carried out in the company of transport . Fuel consumption indicators are highlights by the methods of monitoring presented in Figure 1 . 
Direct methods for monitoring fuel consumption
One way to monitor the fuel consumption of the buses fleet, is direct methods. They provide clear and instantaneously information on the fuel consumption. In this way, implementation of the GPS/ GPRS systems, has proven to be very effective [20, 21] . This system allows tracking the transport routes, speeds, times do, and especially fuel economy achieved. The principle of operation is based on the implementation of litrometrics type sensors probes, on the transport units, which are capable of measuring the level of existing fuel and transmit this information in real time to the operator carrying out the verification. Another direct way of viewing fuel economy, is the use of records in term of fuel supplying and distances travelled [19] . In this way, the actual fuel consumption is determined that can vary, depending on the exploitation parameters, and relying on possible differences in consumption, it can easily detect irregularities relating to the fuel consumption. The veracity of the results may be dictated by double checking of the information supplied by the GPS monitoring system records. A third way of verifying the quantity of fuel consumed by the transport units, is carrying out direct measurements [19] . It can be done by the visual assessment of the fuel level remaining in the fuel vehicle tank , but it is a hard method and may generate parse errors. It is used only as an alternative to confirm the results obtained through other types of checks. A more accurate way is to use some type of flow meters, which can measure the amount of fuel used. This method allows the determination of the quantity of the fuel used, regardless to the operating conditions.
The main advantage of direct methods of fuel consumption monitoring is a relatively short time for obtaining the required information, the accuracy of results and the possibility for comparison and verification of the values obtained. This information clearly shows the directions for reducing the fuel costs.
Indirect methods of monitoring fuel consumption
Another way to monitor the fuel consumption of the fleet of buses, is by using indirect methods. These methods do not provide immediate information about the fuel consumption, but it allows an overall vision of the perspectives for improving activities and managing low-fuel fleet of buses.
A practical and highly effective method for improvement of the fuel consumption, consists in monitoring and continuous training for improving driving mode of transport vehicles [22, 23] . This method gives favorable results in urban public transport where the nature of the traffic parameters and operation require frequent accelerations and decelerations. Adoption of an economical and ecological driving style, can bring up to 30 % in fuel consumption economy. Personnel qualified to carry out the maintenance operations of the vehicle fleet, has a decisive contribution to the success of the optimization of the maintenance processes [24, 25] . The starting point in this regard is careful and permanent selection of workers. Along the time, they will be subjected to the training programmes. Carrying out of maintenance operations which consist in the regular technical revisions and repairing of transport units, produce results in order to increase the reliability of transport vehicles and to decrease the additional maintenance costs. Compliance with these criteria can bring about improvements in fuel consumption in the range of 5-20 %. An issue frequently, with multiple possibilities for optimizing maintenance, consists in monitoring the types and frequency of malfunctions wich have influence on fuel consumption [24] [25] [26] . Identification of elements which influence the fuel consumption, is possible through the complex diagnosis of subsystems which containe these elements. In this way it can generate preventive maintenance actions that allow increasing the reliability of subsystems for transprotat vehicles and in compliance with the parameters of the low consumption of fuel. The development of an appropriate program for preventive maintenance, can conduct to reduction of up to 20 % in fuel consumption of the fleet of buses. For the identification of the subsystem of urban public transport vehicle, whose failure affects the fuel consumption, attention should be directed to the elements of the engine mechanism, suspension elements, transmission system and command elements. The main categories of elements are composed by :
• Failures of preheaters: The failure of these elements consist in blocking injection systems, resulting with an incomplete combustion and an increase in fuel consumption [27] . Preventive maintenance involves periodic replacement of filters and checking the leaks of preheating system.
• Low efficiency of vehicle batteries: Decreasing effectiveness of vehicle battery, requires continues charging, causing increased fuel consumption [28, 29] . If it is discovered such a situation, it is necessary to replace the battery immediately.
• Malfunctions of air-conditioning systems: The major irregularities in the functioning of these systems, are generated by the operating factors [30] . The micro-impurities which enters in air conditioning, facilitates the clogging of the filter elements or to formation of pores that allow the evaporation of coolant. Inefficiency determined by airconditioning installations, produces increase of fuel consumption. To prevent such situations requires periodic inspection of these installations.
• Low efficiency of pneumatic systems: Whether it's air pneumatic elements or command elements, their failure causing loss of air in the installation [26, 27] . This involves the permanent necessity of additional air lost, using fuel in excess. It is necessary to check periodically the air leakage of pneumatic systems and remedy defects.
• Low efficiency of the clutch mechanism: The cause of the increase in fuel consumption is the increase in running speed of the internal combustion engine, because of the low torque conditions, due to depreciation of the clutch mechanism [27, 28] . To avoid this situation and taking into account that it is a complex operation, after an using period, it is advisable to replace the clutch mechanism.
• Out of work of engine cooling systems: Improper functioning or blocking the cooling thermostat on opened position, favors the liquid cooling even when the engine is not at the regime temperature [31] . This actually entail excessive consumption of fuel and premature wear of the engine mechanism.
It is essential to carry out periodic checks of the engine cooling system.
• Malfunctions of air intake system: Clogging of air filters in engine, it causes overeating with fuel. [27] . Prevention of degradation engine and increased fuel consumption is done by regular replacement of elements of air filter.
• Faults of engine power systems: Disturbance, clogging or deposits on injection mechanism, on the pomps or fuel turbocharger systems, causing malfunction of the engine and increase fuel consumption. [27, 31] . It is necessary to checking and periodic cleaning of these elements.
• Defects of engine mechanisms, cause of intense wear: The degradation condition of the internal combustion engines, has the effect of decreasing engine power. [26, 28] . The need for energy resources, in road conditions, in such a situation involves consuming a quantity of fuel far superior than in situation when the engine has normal wear mechanism. Preventing of premature wear of engines is done through strict compliance the revisions programs and using fuels, lubricants and quality auto parts.
• Failures of the flue gas exhaust systems: The failure of the measurement systems parameters of gas emitted, creates a transmission erroneous of signals, to control the injection parameters [32] . Wrong measurement of the concentrations of the exhaust gases, may result in increased fuel consumption. Preventively, it will inspect and if necessary, clean or replace the elements for measurement and transmission of the data on the discharge of flue gases.
The statistical data which contains common occurrences types of malfunctions identified, constitutes a solid foundation in mathematical methods of analysis. Using mathematical models, it can identify failures with the largest share on the increase in fuel consumption.
Case study on the maintenance process in terms of defects which influence the fuel consumption
In order to identify failures concerning the influence on fuel consumption and to establish the connection between the incidence of failures and an increase in fuel consumption, case study on a sample comprised of 11 urban buses, same as constructive types, has been conducted. These buses meet the Euro 3 emissions standard and are equipped with MAN D0834 diesel engines, having cylinder capacity of 4580 cm 3 . The case study is based on data about malfunctions recorded in the year 2012. This data comes from the database of the transport company maintenance workshop, holder of the transport fleet review [33] . In table 1, the status of the failures reported to the subassemblies of the vehicles, able to influence the fuel consumption, are shown.
The column "The failures number of each category", is composed from the non-conformance, descreasing ranking by the number of each non-compliance type. The column "Share of failures related to the months of 2012", shows the apparition level of each type of defects, reported to the months of the year 2012. Column "The cumulated relative frecvency of failures", contains the gradual cumulative contribution of the number of defects from each category, reported to the total number of defects recorded of the sample of 11 buses. The share of the incidence of failures, related to the months of the year 2012, has been determined using the relation 1.
where: I -the incidence of failures; N -the number of current failures; N -the number of the months.
Determination of the degree of failures number contribution to the increasing fuel consumption, with the aim of taking decisions able to improve the process of maintenance, was achieved trough Pareto-ABC method [34, 35] . The cumulated relative frecvency of failures, reported to the total number of failures, has been determined using the relation 2.
where: T -the total number of failures.
For the graphical analysis of the distribution of nonconformance types that affect fuel consumption, a "Pareto" histogram is included in figure 2 below. The cumulative relative frequency curve specific to the failures analyzed, helps to determine the contribution degree of the number of each failure type to the total number of failures recorded.
The defects analyzed are divided into three groups "A, B, C", as follows:
• Group "A" comprises 20% of all non-conformance and is composed of a single type of failure. This category, made by "failures of preheaters", have a share of apparition of 91,67 %, on the year 2012. In this way, this type of malfunctions has become repetitive, manifesting itself in almost every month and it has a major influence on the total number of malfunctions recorded.
• Group "B" comprises 30% of all non-conformance and consists of two types of failures. The incidence of failures made by "Low efficiency of vehicle batteries" and "Malfunctions of air-conditioning systems", is dictated by a share of 83,33 %, for each of the two, on the year 2012 and they have an increased occurrences, producing an average impact on the total number of defects recorded.
• Group "C" comprises 50% of all failures and consists of the remaining seven types of failures. They manifest themselves with shares ranging from 66,67% and 16,67%, on the year 2012, having random occurrences and a minor influence on the total number of defects recorded.
As a first observation arising from the analyses carried out, is that a single category of defects, contained in the group "A", has the highest share of occurrence during the interval of time review. This fact, together with the observation that the next two types of malfunctions which make up Group "B", have an increased occurrence share, requires taking decisions for preventive maintenance in terms of preventing the appearance of this three categories Total numbers or failures 66 --of non-conformance. The incidence of these on the buses in the sample analyzed, produces a considerable increase in fuel consumption and a decrease in the general reliability of the transport units, effects which can be found in loss of time and financial.
Conclusions
Reduction costs generated by the transport activities, under the conditions of maintaining or even increasing the quality of services offered, it is a requirement of all transport operators.
Increasing the reliability of the buses fleet and reducing the fuel consumption, represents the major influence measures, in order to achieve the aims pursued by carriers. This can be made by analyzing the existing maintenance system and development of a comprehensive programme of preventive maintenance, taking account the results obtained.
Conclusive results of the analysis of the maintenance process, shall be based on data taken over from the history of the maintenance records about vehicles fleet concerned. This database must be laborious, with accurate highlights regarding revision operations and repair operations, and to contain a sufficient period of time.
To assess the system of maintenance of a fleet of urban public transport buses, it has conducted a case study on non-conformance with influence on the fuel consumption of a sample of 11 buses.
Being known the number of specific defects to each category, it was determined the incidence of its happening, related to the year 2012. Using the Pareto method-ABC, it has been calculated the cumulative relative frequency of failures recorded, reported to total failures registered, settling the influence mode of the defects number for each class on the total number of defects. Plotting the curve of cumulative relative frequency variation of the number of failures recorded, related to the total number of failures, showed that the proportion of 20% of the total number of failures is made up of a single type of fault. It has a very increased incidence, during the period under review, with a share of occurrence of 91,67%. The repetitive feature of their incidence of apparition, represents a major risk for the maintenance activity. In order of classification, it was found that 30% of the total number of failures, including only two types of failures. They have an 83,33% incidence of occurrence of each, in the time period under review, so, the increased feature of incidence of their apparition, represents an average risk of maintenance activity. The remaining 50% of the total number of failures, consisting of seven types of failures, have a low occurrence incidence, with a randomize feature, in the time period analyzed. They are a relative small risk on the maintenance process, but subsequent attempts, must not neglect these defects whereas they contribute to decrease the effectiveness of maintenance and increasing the transportation costs.
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